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(54) Method of producing wateMnsolul)llized regenerated collagen fibers 

(57) A regenerated collagen ftoer is sutajected to 
water-insolutNlizing treatment wHh a nionol u nctional 
epQxy compound to produce a water-Disolut)ilized 
regenerated collagen f&>er wMch can sut}slantially 
maintain the odor and the high knot tenacity, inherent in 
the coQagea Where the monofurK:lk)nal epoxy com- 
pound is an epihatohydrin, a regenerated collagen fiber 
can k>e treated with this epOialohydrin and a suHur conv 
pound to produce a water-insoiutxiized regenerated col- 
lagen f9t>er which can be pemnanent-wave set In 
ackJitk>nJtf)ej||e^-inso^^ 
fber canbe con v^ tia intoj feg^hK^ 
nent-wave set, fiy^introduggi a disulfide Bntege into^ 
caib(»ylic''groups'ncrf'*tKe*^lagen^ wifridi renwin - - - 
Sinrioaif led jjytfjjS .roolubjBzing treatment. 
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Description 

[0001] The present invention relates a method of producing water-insolubilized regenerated collagen fik>erB,and 
more particular^, to a method of produdrig waterHnsolul)Oized regenerated collagen f bers, wttich can stibstantially 
5 maintain the color and th high krxjt tenacity inherent in th collagen and which also nraintair» chemicaDy mod9iat)le 
cartxsxyl grotf>s of the coOagen as it is without being chemically nxxiffied. 

[0002] Arnong the protein fibers, the regenerated collagen ffber exhibits a high mechanical strength like silk. and. 
thus, is used in various fiekJs. Particulariy. the regenerated collagen fa>er is a protein fiber maintaining a characteristic 
molecular structure derived from coOagen and. thus, is dose in dr^. 
10 protein f ber having compl&c fine structure. Such being the situatton, it is attempted to use the regenerated coDagen 
fiber as an animal hair-like f ber such as a fur. or the hair. 

[0OO3] In general, the skin or tx)ne of an animal is used as a raw material of the regenerated collagen. The regerv 
erated collagen can be produced by treatirig these raw materials vvith an afltaU o^ 

collagen, foDowed by extruding and spinning the water-soluble collagen in an aqueous solutkm of an inorganic salt 
IS Since the regenerated collagen fber thus obtained is soluble in water, some treatments are appGed in order to inrpart 
resistance to water to the coDagen fber. As a method for making the regenerated collagen fber insoluble in water, rt is 
known to the art to treat tfie water-so luble colla gen fber wit h an akteh yd e compound such as formaldeh yde or qlutaric 
akiehyde. It is also known to treat the regenerated coDagen fiber with nrtelal salts 

nruriium salts or zircoriium salts to make the regenerated coDagen fiber insoluU In the case of using an akJe- 

20 hyde compound other than formaklehyde or a chromium satt. the resultant fber is ccHored, resulting in limitation in the 
use of the treated collagen fiber for nriariufacturing hairs of vark)usook)rB In the 

case of using fbrmakJehyde, it is certainly possible to obtain a cotoriess fiber. However, the 
tory in t)eauty. 

[0004] A cotoriess treatffig method of a regenerated coOagen fber using an epoxy compound is proposed in Japa- 
2S nese Patent Disclosure (Kbkai) Nkx 4-352804. In the case of usingjgjyodyl ather of polyhy dricatoohoi that is described 
in this prior art as a particularly desirable conpourvi. it is certainly possible to achieve a co to riess treatment However, 
the krxYt tenacity is kawered. with the result that a problem tends to be generated during manufacture of tfie hair deco- 
rative artici e such as the f Sling step or a sewing step included in the manufacturing process. Alsa a cotori ess treatment 
can be achieved by some of the methods using tfte m^ salts ruited abova However, since the cartxscyl groups, tfie 
30 reactive groups, in the cdlagen are sequestered by the nratel salt, the cartxxxyl groups fa^ 

further. As a result it is impossible to Inpart a new furictton such as a permarient wave to the regeri^^ 
after the treatment 

[0005] Aocofdingly. an object of tfie present inventton is to provkle a metfxxJ of producing water-insdubilized reger>- 
erated collagen fbers, whtoh can substantiaOy nnaintain the cotor and the 
3s whk:h also maintairis chemically modifiable caitx)xyl90Lf>s of the 00^ 

[COOS] This obfect has been acNe¥Bd by the surprising findng that it is possbl 

produce a water-insolubilized regenerated collagen fber that can 8ut)stantally maintain the ootor and the high knot 
tenacity inherent in tfie collagen by treating the regenerated collagen fil>er with a monofuncttonal epoxy con^pound (an 
epoxy compound having only one epoxy groip). 

40 Par1iculariy,inthecaseofusingepihatohyclnnasamonolun^ 

insotubDized regenerated collagen fber which can achieve permanent wave set by treating the reg^ierated coDagen 
fber with this epihatohydrin and a sulfur compound, tncklentally. the permanent wave treatment denotes a treatment to 
impart a desired sfiape. wfiich can be maintained, to ttie hair t>y an oxklatton-reductton reactton using chemtoals» in a 
beauty satoon. at home, eta 

45 [POOT] to the treatmert of the regenerated coOagen fiber with a nrniofuncttonalepo^ 
present irwerition. the cartxsxyi groups of the cdlagen are not mocfified so as to t» 

ouscharactertetx^s can be imparted to the thus treated regenerated collagen fber by chemicany modifying the caitxix- 
yfic groups. In tfns case, a waternnsolubilized collagen fiber exhibiting a color substantiaDy equal to the original color of 
the coDagen. that can t)e permanent-weve set can be obtained tqr using a cSarrnne 
so as a chemical modifying agent 

[P006] Accordingly, the present invention provtoes a method of productog water-insolubOized regenerated coDagen 
fiber, whch conprises treating a regenerated ooDagenfiber with a water insdubulizing agent comprising a monofiinc* 
ttonal epoxy compound. 

[0009] to a preferred embodiment of the present invention, the monofuncttonal epoxy compound is represented bf 
ss formula (I): 
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R-CI^-cHa (I) 

5 

where R denotes a substituent represented by R^. R2-OCH2- or R2-COO-CH2-. Ri denotes a hydrocarbon (^OMp hav- 
ing at least 2 cartxm atonns* or CH2CI. and each R2 denote a hydrocarbon group having at least 4 atomSw 
[901 01 The present invention also provides a method of producing mter-insolubaized regenerated collagen ftet, 
w which corrprises treating a regenerated ooUagen fber with a water-insoliAulizing agent comprising an epihalohydrin, 
and a sulfur compound. 

[0011] FLHiher, the present invention provides a method of producing a water-lnsolutMlized regenerated collagen 
f it>erp which comprises subjecting the water-insolut>ilized collagen fbet obtained kyy any of the methods noted atXM to 
a n amidation react ion, in the presence of a condensing agent, with aft least one diamine a)iipound selected from the 
IS grcif) consisting of a diamine having a disulfide Imkage represented by fbrrvula (II): 

H2N(CH2)„SS(CH2)nNH2 (ID 

where n denotes an integer of 110 4, a its salt, and a (fiannne having a (fisul^ (III): 

20 

H2NCH(OORi)CH2SSCH2CH(OOR2)NH2 (III) 

wtiere each of Ri arid R2 indeper)den4ty represents an aD^ group havi^ 1 to4cart>onatomsorbenzylgroupL 
[0012] ITiis surnrnary of the invention does not necessarily descrbe aU ne 
2S rnay also be a 8ut><orTt)ination of these descrik)ed features. 

[001 3] The invention can be more fuDy under stood from the foOownig detailed description when taken in conjunc- 
tion with the accorrpanying drawing, in which: 

[0014] The acoonpariying drawing schernatically shows the loiot of a tfiread and a pulli 
knot tenacity. 

30 [0O15] h the preserit indention, it is desirakile to use split leather as a raw material 0^ 

though it is possible to use tfie sKin or k>one off an animal that is generally used as a raw material of ttie regenerated 
collagen fber. SpGt leather can obtained from a fresh raw hide or a salted hide of animals such as cows. A slight flesh 
portion is attached to form a networtc to split leather peeled from the raw hide. Where tfie raw hide is salted, the salt 
rerriairis bi the split lealfier. Therefore, the remairiing flesh portm 

35 ticalusaAlsa spirt leather urvier this corxlitioa which rna^ consists of ^ 

forexarTple,ripidssuch8SGfyceride, phospholipid and tree fatty adds, and proteins other than ooOagen. such as 
proteins and afcurnn. Since tftese trrpurities greatly affect adversely tfie spinning stability in forming ft>er, the quality 
such as luster and elongation of ttie resultant fber, and the odor, it is desirable to remove ttiese impurities in advance 
tyy, for example, dipping split leattier in lime to hydrdyze the fat components so as to loosen tfie coOagea followed by 

40 ajsplying a conventional hide treetnierit such as an adcMk^ 

[0016] Then, a solubilizing treatment is applied in-order to cut the peptide portion crosslinldng the insolubie colla- 
gen. It is possible to employ the alkali solibOizing method or an enzyme sdibilizing mrtfiod, wfiich are widely known 
to the art arxl widely emptoyed in general, as a method of the solutMlizing treatment 

[0017] In the case of employing the alkafi solubOizing method, it is desirable to neutraBze the sotubSized (regener- 
45 afted)coaagen with an acid such as hydrochtoricacid.lt is possble to ernpkyt^ 

anese Pistent PUbfication (Kbkoku) Na 46-15033 as an nrrproved alkali solufaiilizing method. 

[QOI 8] The enzyme soluk)iIizing mettiod is advantageous in that it is possible to ot>tain a regenerated collagen fiav- 

Ing a uniform molecular weight and, ttuis, the enzyme soluk>Qizing metfiod can be effectively empk^red in the present 

inventton. The method disdosed in. for example, Japanese Patent Publication (Kbkoku) tkk 43-25829 or Japanese F^- 
50 ent PubGcation (Kbkoku) Na 43-27513 can be emptoyed in the present invention as a suitable enzyme solubirizing 

metfiod. Incidentally, it is possible to emptoy in oonrbinaftiontxjth tfie alkafi sdibilizingnrielfxxl arid t^ 

lizing method in tfie present inventton. 

[0O19] Where addittonal treatments such as pH acj^ustment, saHing-out. water wash and treatment with a solvent 
are applied to the collagen to which the sdubOizing treatment has been applied, it is possble to obtain a regenerated 
55 coD^en fiber having an excellent quality. Thus* it is desvable to apply these addittonal treatments to the solutN'Ozed cd- 
lagen. 

[0020] The sdutxTized cdlagen ttius ot>tained is dissolved in an addic aqueous solutxxi f»ving the pH vatu 
adjusted at 2 to 4.5 with hydrocHoric add. acetic add, lactic add. etc. to provkie a stock sdutton of a predetermined 
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oonoentratton of, for exanple, 1 to 15% by wei^ 

desired a defoaming treatment by stirring under a reduced pressure to ttie resultant collagen aqueous solution and to 
apply flHering for removing fine dust that is insohibl Inwater. 

[PQ21I ItisalsopossibI tomixasdesiredaddith^ssuchasastabiGzerandawater-^iiri^ 

6 oonpound to the aqueous solution cf the solubilized collagen in order to impr^ mechanical strength, 

the resistance to v^er and to heat luster and the spinning properties and to pre^ coloring and decomposition. 
[0022] Thereafter, the aqueous solution of the 80lut>Oized collagen is discharged through, for example, a spinning 
nozzle or slit, and the discharged solution is cfipped in a coagulation bath comprising an aqueous eolutm 
ganic salt so as to obtain a regenerated collagen fber. An aqueous solution of an inorganic salt such as sodum sulfate, 

10 sodium chloride, or anvnonium sulfate can be used as the aqueous solution of the inorganic salt In general, the bior- 
ganic salt concentration of the ^ueous solution issetat 10to40%by weight. 
[0023] It is desirable to set the pHvahje of the aqueous solution of the inorganic salt at generd 
4 to 12 by adding a metal salt such as socfium borate or sodium acetate or hydrochloric add, acetic add or sodium 
hydroxide to the aqueous solutioa Where tfiepH value is smaller than 2 or exceeds 13, the peptide linkage of collagen 

15 is Ekely to be hydrolyzed, sometimes resulting in failure to obtain a desired fiber. Also, it is desirable for the temperature 
of the aqueous solution of the inorganic salt whk^h is not particularly limited in the present lnventk)n, to t>e set in ger>- 
eral. for example, at most 35°C. Where the temperature of the aqueous solution i s higher than 3g*C, the sohAle coUa- 
gen is'denatiurcd dif themecHa^^ towered, with the result that it is difficult to manufacture 

fik>er thread with a high 8lat>ility. The tower Imt of the tenper^^ 

20 tton. It suffices to set the lower limit of the temperature appropriately in accoidancev^ 
salt However, tfte tenrperature is generally at least 1S°C. 

[0024] It is possible to treat as desired, tfie regenerated collagen fl>er with a treating agent such as an aqueous 
solution containing a high conceritration of a salt or with an organic solverit such as a water-^duUe alcohol w 
ous solutton thereof , or to preserve the regenerated collagen In such a treating agent tt is a^ 

25 treatmem such as drying to the regenerated collagen fiber after the treatnnent or pre^^ 

the regenerated collagen fber may bG treated with or preserved In a treatment agerrt such as another organic solvent 
or an aqueous sohjtton of the organk;solverTt ^ 
[0025] In the present inventton, the regenerated collagen fiber whtoh can be obtained as described above is treated 
with a waternnsoluti il izing agent comprising a monofunctional epoxy compound to produce a water-insolt ibB ized regen- 

30 erated ooDagen fiber. The monofunctional epoocy compound used in the present invention indudes, for example, olefin 
Goddes such as ethylene oodde. propylene codde. butylene oxkf e; isobutylene oodde. octene oodde, styrene adde, metfi- 
ylstyrene codde. epihalohydrin (ag.. eptohtorohydrtn. epibromohydrin). and glycidol; glyddyl ethers such as glyddyl 
mettiyl ether. t)utyl glyddyl ether, octyl glyddyl etfier. nonyl glyddyl ether, undecyl glyddyl etfier, tridecyl glyddyl ^er, 
pentadecyl glyddyl ether, 2-elhylh8Kyl glyddyl ether, aDyl glyddyl ether, phenyl glyddyl ether, cresyl glyddyl ether, t- 

35 butyl phenyl glyddyl ether, dibromophenyl glyddyl ether, b&izyl glyddyl ether, and polyethylene oodde glyddyl ether; 
glyddyl esters such as glyddyl formate, glyddyl acetate, glyddyl acrylate. glyddyl metfiacrylate and glyddyl t)enzoate; 
arxl glyddyl amides. The monofunctional epoxy compound used in the present invention is not limited to those exem- 
plified above. 

[0026] It is desirable to use. among the monofunctional epoxy compounds noted above, monofuncttonal epoxy 
40 compounds represented by formula (I): 

P\ 

R^CH— CH2 tr\ 



where R denotes a substituent represented by Ri R2-OCH2- or R2-COOCH2% Ri denotes a hydrocartxxi group hav- 
ing at least 2 caitx>n atoms, or CH2CI, and each R2 denote a hydrocaitxxi group having at least 4 carbon atoms. The 
hydrocartxm group represented by Ri usuaDy has at most 50 caitxxi atonrs. and the hydrocaitxxi group represented 
so by usually has at most 50 caftx)n atoms. 

[9027] In the case of treating the regenerated odiagen fiber with the monofuncKonal epoxy compound represented 
by fornuda (0, the water ak>sorption rate of the regerieraled coflagen fber is towers 

Further, it is particularty desirable to use ttK>se epoxy compounds of formula (I) in wNch R represents a hydrocarbon 
group having 2 to 6 cart>on atoms or CH2CI .ard those epoxy conpounds of formu 
ss orBz^X>0<^andH2<ienickesah^6socaibm In tNs case, the reactivity is Ivgh 

so as to permit the treatnrart in a short tinrie» and also the treatrnent in water can be carM 
[0028] The nrionofurK;tionalepGKy compound should be desirably used in an anmxnt^ to500eqi^ents.pref* 
erably 0.5 to 100 equivalents, and more preferably 1 to 50 equivalents, per equivalent of the arnno group contained in 
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th regenerated collagen fber. Where the amoumd the 

the insotut>tlizing effect is insuffictenL On th other hand, where th amount of the monofunctional epoxy conpound 
exceeds 500 equivalents, it is often difficult to handle Industrially the regenerated collagen fber and the f i>er tends to 
9ve rise to an environmental problem, though the regenerated ooUagen fiber is rnadesuffidentlyinsol^ 

5 [0029] ThernorK>functionalepQxyoonrpoundcant>eu8edasrtl8ormayk>edis8oh^ed 

solvent Includes, for example, water; alcohols such as methanol, ethanol. and isopropanol; ethers such as tetrahydro- 
furan and dioxane; halogen-containing organic solvents such as dichloromethane. chloroform and cartm tetracHoride; 
and neutral organic solvents such as DMF and DMSO. These solvents can be used singly or in combination. Where 
water is used as the solvent it is possible to use as required an aqueous solutm 

10 sulfate, sodium chloride or ammonium sulfata In general, the concentration of the inorganic salt is acQusted at 10 to 
40% l3y weight It is also possible to ac^ust the pH value of the aqueous solution by using a metal salt such as sodium 
tx>rate or sodium acetate as weQ as another compound such as hydrochloric add, boric add. acetic add or sodium 
tiydroDdda In this case, the pH value should desirably be ooritroDed at 6 to 13, preferably at 8 to 12^ 
i8 less than 6, the reaction between the epoxy group of the monofuidional epoxy compound and the amino group of 

15 coOagen is retarded. As a result, the regenerated collagen fails to t>e made suffidently insoluble in water. A similar sit- 
uation is brought about where the pH value exceeds 1 3. In addition, the peptide linkage of collagen tends to be hydro- 
l yzed, resu lting in ^ihjre to obtain a desired fiber. Since the pH value tends to be lowered with time* rt pq^fe to im 
a buffering agent, as required. 

[OOSCq The regenerated collagen fiber can be treated by immersion in the monofunctional epoxy compound or a 
20 solution thereof. The t e m p erature of the treatment is preferably at most 50*^. Where the treating temperature exceeds 
SO^C. the regenerated collagen f ber may k>e denatured. As a result the treated fa>er fails to exhibit a suffidently high 
mechanical strength, making it diffkailt to manufacture thread with a high stability. Usually, the treating temperature is 
atleastlS^C. 

[0031] It is possible to use various ad(fitives such as a catalyst and a reactkm aid. For example, the catalyst 
25 indudes amines and irrodazoles. More spedfk:ally, the amines indude. for example, tertiary amines such as trielhyl 
diamine, tetramethyl guanicfine. trietfianol amine, N.N'-dimethyl piperazlne, benzyl dintethyl amine, dimethyl aminome- 
thyl phenol, 2.4,&lris(dimethyl aminomethyl) phend; secorvlary amines such as piperazir)e and morpfiofine; and qua- 
ternary ammonium salts such as tetramethyl ammonium saR, tetraettiyl ammonium salt and k>enzyl triethyl ammonium 
satt. The imidazoies indude, for example, 2-methyemida20le, 2-ettiylimxJa2ole. 2-isopropyMmidazde, 1-cyanoethyl-2- 
30 methylimidazole^ 1-cyanoetfiyl^-ethylirrodazde^ 1-Gyanoethyl-2-isopropylnnidazde and 2-ethyM-m6thyfimidazole. On 
the other hand, the reaction axf indudes. for exanripla salk:^ 

as thiocyamc add and ammonium thkx;yanate; tetramethyl thiuram cfisuinde; and thiou-ea. It is prefOTed ttiat tfie cata- 
lyst is used in an arriourn of 1/100 to 1 equivalent per equivalern of the epoxy conYxx^ 
used in an amount of 1/20 to 1 eqiavalent per equivalent of the epcxy compound. 
ss [P0321 The rnorKifunctional epoxy corTYX)und preferentially reacts wi^ 
fit>er rattier tfian tfie cartxixylic gnxjps of the coOagen fit)er, to form the am 
the cartxxxylic groijps of tfie cdlagen fiber to alkiw tfie cartxscyfic groijps ren^ 

\j0O33H Where the water-aisolut)iGzing agent comprises epihatohydrin, among tfie monofunctional epoxy com- 
pounds noted atx3ve. it is possUe to produce a water-insohixlized regenerated cdlagen fft)er wfuch can k>e effectively 
40 undergone a permanent wave treatment by treating the regenerated cdlagen fber w gi tfiis ep8ia lohydrin and a sulfur 
oor npound. T he epihalohydrin is preferably epichtorohydrin. Epichk)rohydrin is also called chloiometh y loKirane or 1- 
chk>ro-2,3-epoxypropane, and these terms refer to the same compound. 

[P034] In the treabnent of the regenerated cdlagen fber with epffiak)hydrin and a sulfur compound, it is bdieved 
tfiat epihalohydrin reacts with both ttie amino groif) of the cdlagen rndecule arid the sulfur compound so as to perrdt 
45 amercaptogroiptot)e introduced, sometimes via the forrna1ioiLfiLa.E^intepa!t(salt having -SSQ^-). Into the regener- 
'^ed cdlagen f it>er. In short ttns treatment makes it possit)ie to introduce a mercapio group into ttie amino groip of the 
regenerated collagen fi>er. with the epihatohydrin bonded to the amino group of the regenerated coflagen fi>er at its 
one ervJ and txxided to the rnercapto^oy^atiteo^^ 

equal to the original odor oTlKiecdlagafi. ttiat can t>e permanent-wave set This treatment can t>e carried out t^ 
so irnrnerdng the regerierated collagen fi)er in the epihak)hydm 

fura)mpoundorasdutionthereaf.orbynrnrnersingthe regenerated cdlagen fiber via treating agent containing both 
the epihatohydrin ard tfie sulfur confound. It is also envisaged to cany out a reaction 

arxJ the sdfur compound, fdlowed immersing the regenerated cdlagen fi>er in the reaction solution. The immersion 
treatment in the sulfur compound is preferably carriedoutatatemperatureof atrnost50**Cforatleast5rninutes. Also, 
55 the irnrnersiontreatnriem in the readtonsdutionobtdned by reacting the epiha^ 
eraUy carried out at a terrperature of at nriost 50<t) for at least 5 rdnutes. Us^ 
riedoutatatemperatur ofatlea^O'C. 

[0035] The sulfur compound used in tfie present invention indudes. for exampl , hydrosulfides such as sodium 
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hydrositffjd e, pot ^sium hydrosy lf id and ammonhim hydrosulfide; thiosuKates such as sodium thiosutfats, and potas^ 
stum tfvosutfate: amines having a mercapto group such as cysteamine and cysteine; and amines having a disulfide link- 
age such as cystamine, cystine, cystin methyl ester, cystine ethyl ester, cystine propyl ester, cystine butyl ester, and 
cystine benzyl ester. Particularty, thiosuttate Is preferred in the present invention. Further, the compounds represented 
by fomujla (11) or (III), which will k>e descrbed later, may be used as the sulfur oonrpounds. 

[0036] Such a siifur compound may be used in an amount of at least 1/500 equivalents, preferably 0.5 to 2 eqiiv- 
al nts, per equivalent of the epihalohydrin. 

[00371 Further, in the present Invention, water wash, oiling and drying are applied as required to the regenerated 
collagen fber. The drying is effective for strerigthening the fl>er structure so as to inrf^^ 
nerve, eta The drying should t>e cam'ed out at a temperature of at most 100^, preferatily at most 80^C. If the drying 
temper a ture exceeds lOO^C, collagen tends to be denatured, resulting in failure to obtain a desired elfect suffictentfy. 
[0038] The water wash is intended to preveritpredpitatton of an oflingagerit caused^ 

from being preqpitated from the regenerated collagen f i>er during drying within a drying nrachine. If the salt is precipi- 
tated, the regenerated ooOagen fber is cut or brokea Alsa the fornr^ 

be attached to the heat exchanger within the drying nrachinei leading to a low heat transfer coeffictenL In other words, 
the washing with water is iritefided to Gverconie these proUenis. On the other harKi,t^^ ofling is effective for preventing 
the ftoer from hanging up in the drying step and for improving the surface state of the r^enerated coPag wi ftoer. 
^MS39] Th6Tegeneral6d odiagen fi)er thus obtained e^^ a color sulssbntially equal to the original color of the 
collagen and is excellent in the knot tenacity. In addition, since the caiboxyl ^oups remain substantially unmocSfied, it 
Is possble to introduce various chemical modifications ^id jp^^crosslinlqnQ Into the thus insdubilized re generated-^ 
<aE>ltegen-ft)e Lso as to imp artyanoig prDperties to ttw regerierB ted.collageo.fft)er_and,tO(d ye the regenerated collagen 
JS^gLielatively easily. Furttier, the water-insolubnized regenerated collagen f3>er of the present invention eodilSite a 
drape, luster and'feel eqiJvalem to those of the natural protein ftoer and, tht^ 
the human hair, hide and, particularly, for the golden and variously colored human hair. 

[0040] The present invention provides a method of introducing a.^ulfide finteg ejnto the carboocyl groiip of the 
w ater-insdi Mged regenerated colleen f3>er as one of techniques Ibr the chemk»l mocfificalions. 
"^[0041] ^The mccfification of the cartxsxyl ^oups can be performed by the amidation reaction, in ttie presence of a 
condensing agent, t>etween the water-insolutMlized regenerated collagen fbet and at least one diamine selected from 
the 90up oonsisling of a (fiamine having a disulfide Kntag^ 
(fiainine having a (fisulfide linkage represented by (brm 

H2ra(CH2)„SS(CH2)„NH2 (II) 

where n derates an integer of 1 to 4; 

H2NCH(OORi)CH2SSCH2CH(CXDR2)NH2 Oil) 

where each of R-i and R2 independently represents an alkyi grotf> having 1 to 4 catbon atoms or t>enzyl groufx The 
reaction of tfie diamine compound with the cartxscylic group of the collagen requires the presence of a condensing 
agent 

[9042] Spedfk; examples of the diamine oonpounds represented by formula (II) include, for exanple, cystamine, 
cystanine (fihydrochkNide, and cystamine sulfate. On the other hand, the cfiamine compounds represented t>y formula 
(III) include, for example, D-cystine methyl ester, L-cystine m^tiyl ester, D,L-cystine nrretfiyl ester mixture. [>-cystine 
elhyl ester, L-cystine ethyl ester, D,L-cys1ine ethyl ester mixture, D-cystine propyl ester, L-cystine propyl ester, D,L-cys- 
tine propyl ester mixture. D-cystine bu^ ester, L-cysline butyl ester, D,L-cystine butyl ester mixtiffe, D-cystine benzyl 
ester, Lcystine benzyl ester and D,L-cystine benzyl ester mixture. 

[0043] The anvdation reaction can be carried out by dipping the water-insolubflized regenerated coOagen Iter in a 
reactkxi solvent having the diamine compound represented formula (IQ or (III) and a condensing agent dissolved 
therein. Inthearnklatkmreactiori, itisdesirat)ietousethedianrineinanarnourn^ equivalent, preferably 

at least 0.5 equivalent, more preferably at least 1 equivalent, per equivalent of the carboxytic ^oup of the regenerated 
collagen fiber. Further, it is desirable to use the condensing agent in an amount of at least 0.05 equivalent, preferably 
at least 0.5 equivalent more preferably at least 1 equivalent, per equivalent of the carboxytic group of the regenerated 
collagen fS>er. Moreover, it is desirable that the concentration of the dtantine compound represented by formula (II) or 
(111) and the condensing agent is at least 10 vrM, the treating temperature is at most 50^0, and the doping time is at 
least 5 ntinute& UsuaOy, the treating temperatire is at least 0^. Where water is used as a solvent pH value shouU 
desirably be 7.0 to 3.0. 

[0044] The condensing agent used in the present invention includes, for example, carbodiimides such as 1-ethyf-3- 
(3*<limethylaminopropyl)cartxxlanvd and its hydrochk>ride, 1-t)enzyl-3-(3*<Jim6thylaminopropyl)carbodiinude and its 
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hydrochlonde, lH:yciohexyl-3^2HtiorphdyrK>et^ mesofhtoluene sulfonate, N,hr<irisopropylcarbodiim- 

ide. NX<l'K;ycloh6xylcaitxxinmide; benzotriazoles such as IH-tenzotrazcsl-l-yl-oxytripyrrdidinop^^ hex- 
aftuorophosphate, beruotriazol-1-yl-<]ocytns((fim^^ amino^>hoGphonium hexafluorophos9>honate, 0-(benzotriazol-1- 
yO-N.N,N',N' - tetr am ethytiifonium heMaHuoroborate; N.N'-cait)onykffimidazole, 2-eth(»(y-1-ethaxycartx)nyf-1^<0h^^ 
5 quinone, and d'qphenyl phosphoryl azida These oondensn^ of 
some of these condensing agents. In Older to accelerate th reaction and to suppress the sid reaction, it is desirable 
to use the condensing agent in combination with, Ibr eocannpla N-hydroxysuocinimide, l-hydroxybenagotriazole, or d- 
liydrQxy-4-oxo-3,4-dl^ro-1 ,2.3-t>enzotriazina 

[0O45] The solvent used for the amidation reaction includes, for example, water; akx)hols such as methyl alcohol. 

10 ethyl alcohol, isopropanol; ethers such as tetrahydrofuran and dfcocane; halogen-containing organic solvents such as 
dichloromethane, chlorofonn, and carbon tetrachloride; and neutral organic solvents such as DMF and DMSO. These 
solvents can be used singly or in combination. 

[0046] Tlie wHter-insolubilized regenerated collagen fiber treated with the monofunctional epoxy compound having 
a disulfide linkage can be deformed as desired bv-t he opodation-reduction^ ^K^tioa and the deformation can be 
IS retained. In addHion, the regenerated collagen f ber thus treated is little colored,'7e&ins a drape, luster and feel of the 
natural protein fber and. thus, can be used effectively as a ffoer raw rriatertal ex^ 
original color of the odlagen. thatcan be iiroarted with a pernrianert 

viding substitutes for the human hair, the animal hair arid, particularly, golden hair and various colored hairs and for 
achieving iirprovernents thereof. Particularly, where epihalohydrn^ 
20 the regenerated collagen ffoer is treated with this epihalohydrin and the sulfur compound, follcwed by introducing a 
(fisulfide linkage into the caiboxyl groups a permanent wave can be set more strongly. It folk^ that the regenerated 
coQagen f3}er thus treated can be used nriore effectiveiy for the fields descrfoed abo^ 

[0047] Incidentally, the amount of the amino groMps and carboxylic groups in the regenerated collagen ffoer can be 
detennined, as weO known in the art by hydrolyzing the regenerated cote 

25 tfon of the hydrdyzed collagen, and calculating the amounts of the amino groups and carboxylic groips based on ttie 
analysis. More specifically, for example, about 1 mg of the regenerated collagen fil>er is weighed accurately, to which 
0.1 mLof6Nhydrochk)ricacidi8added.andthere8uttamrnixtureisheatedat110^for22hou^ 
lagen, and is dried. The (tied matter is diluted appropriately, and its amino add conrposition is analjml by a special 
amino add analysisAunhydrin cofor reaction m^hod using, for example, anrno acid analy^ type 835 available from 

30 Hitachi Limited. 

[0048] The present invention will be described m detail by way of fts Examples that fbOow. However, the present 
invention should not be Dmrted by these Examples. In all the escarnplesbeksw, the preparalfon of a regenerated collagen 
fber and an oil treatment were conducted as fdkxvs: 

ss Preparation of Regenerated CdOagen f=tfc>er 

[0049] Spirt leather of a cattle. whk;h was used as a raw rnaterial. was niadesdiAsle by tt^ 
fdlowed by dissolving the thus obtained coflagen in an aqueous solution of lactk: add. Thcnn, a stock solution having the 
pH value acQusted at 3.5 and having the odlagen concentralton adjusted at 6% b^ 
40 treatment by stirring under a reduced pressure, folkywed by transtoring the treated sohitfon to a piston type spinni ng 
stock solution tank. The solution thus transferred vvas further alfowed to st^ 

ing purposa Then, the stock sdution was extaded t>y a piston, fdfowed by transferring a predetermined amount of the 
extruded solutfon by a gear pump and subsequently fOtering the extruded solutfon through a sintered filter. Further, the 
filtered eoctrudate was passed through a spinning nozzfe having 50 pores each pore ha^ 
45 and a pwe length of 0.5 iimi so as to discharge the filtered extrudate into a 00^ 
by weight of sodum suKota and having the pH value acjgusted at 1 1 with bor^ 
extrudate was (fischarged Into the coag u la t ing bath at a spinring rate of 4 m/hiinutes. 

(B)Oil Treatment 

so 

[0050] Awater-insdudlized regenerated collagen fiber was dipped in a bath oonlainnng an oOy agent consisting of 
an emulsion of an amino-mocffiied sifioone and PLURONIC polyelher antistatic agent so as to aOcw the oily agent to 
adhere to the fber. 

ss Exarrples 1-13 

[0051] A regenerated cdlagenfit)er was obtained t>yth method descrfoed in item (>^abova 
HOOSZ] TTien. the rnonofunctfonal epoxy oompouidshmn in Table IvMis put, i^ 
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equivalefit of th am'no groip contained in the cdtagen, in an aqueous solution oontaoiing 0.9% by weight of 2 A&4ris- 
(dimethylamlnomethyOphenoi, 0.09% by weight of salicylic add. and 1 3% by weight of sodium sulfate, followed by dip- 
png the regenerated oollagen fi>er obtained as above in the sohition al 2S^C for 

10053] After washing the resultant water-insoli±ifized regenerated collagen fi>er with a flowing water for one hour, 
5 an oa treatment was performed by th method described in item (B). followed by drying th ffoer under lensfon fay using 
a soaking drying machin setatTS^C. 

Examples 14*16 

10 [0054] A regenerated collagen fber was obtained the method descrS)6d in item (A) above. 

[0055] Then, the monofunctionalepoxyoonpound shown in Table 1 wasput in an amount of 10.7 equivalents per 
equivalent of the amino groiq^ contained in the collagen, in an aqueous solution containing 0.09% by wei^ of 2,4.6- 
tris(cfime1hytaminomethyl)phenol, 0.009% by weight of salicylic add. and 1 3% by weight of sodium sulfate; followed kyy 
4pping the regenerated coBagen fit)er obtained as above in the solution at ^ 

IS [0056] After washing the resultant water-insdubiGzed regenerated colleen ft)er with a flowing water for one hour, 
an oa treatmem was periorrned t)y the rnethod described in item (B). foDowed by drying 
.a.soaking.drying.machine.sei.atJ7$^ 

Example 17 

20 

[0057] A regenerated collagen ffoer was obtained by the method descrit>ed in item {A) aftx)va 
HOOS&l Then, the resultamfi)er was washed with an acetor^e-water solvent mix^ and. thea with acetone. 
On the other hand, cresyl glyddyl ether wasput. in an amount of 10.7 equivalents per equivalent of the amino group 
contained in the collagen, in an acetone solution containing 0. 1 3% by weight of 2 A&-tris-(dimethylamlnonrielhyQphenol 
2s and 0.013% by weight of saficyfic add, followed by dwing the regenera 
hours. 

[0059] After w^ng the resultant water-insdubilized regenerated collagen fft>er with acetone and with a flowing 
water for one hour, an oa treatment was performed by the method described in item (B), followed drying the f i)er 
urxler tension t)y using a soaking drying machine set at 75°C. 

30 

Conparative Example 1 . 

. [D060] A regenerated odiagenffoer was obtained by the method described in item (A) above. 
(90611 EX-612 (trade name: DENACOUwhkii is polyglycerolpolysttyd^ 
ss and rnanufactured by NagaseChemk^l Industries K.K.)vfi» put, in an anx)^ 

amino group contained on the collagen, in an aqueous solution containing 0.9% by wdght of 2,4.64ris-((fimelhylami- 
nomethyOphend. 0.09%byweight(tf salbylx; add and 13% by weigm of socfium sulfate; fbllo^ 
erated odlagen fiber obtained as above in the sdutfon at 2S^ for 24 hours. 

[0062] After washing the resultant water-insdubifized regenerated collagen fber with a ftowing water for one hour. 
40 an oOtreatrnem was perforrned by the method descrfoedn item (B),fbOo^ 
a soaking drying machine set at 75^. 

[0063] The properties of the water-insdubaized regenerated collagen fbers prepared in Examples 1 -1 7 and Com- 
parative Exaniple 1 were examined as fdtows: 

45 (Fineness) 

[0064] The fineness (d) was rneasiKed under an atmosphere at a tenrperature of 20 ±2^ and a rel^^ 
of 65 ± 2% by using Denier Computer DC-77A (trade name of an autovibratton type fineness measuring meter manu- 
factured by Sean^h K.K., and was converted nto dedtex (dtesO uruL In this 
so counted as a unit and the rest was cut away. 

(Knot Tenacity) 

[0065] Amonofilarnem2putunderanaliTiosphereatateiTperatureof20±2*'Candarel^^ 
ss (hereinafter referred to as standard condition) ms knotted as shown in FIG. 1 about a ring 1 nrxxinted to a hand-heU 
(fi^ face gauge DFG-2K type manufactured by Shimpo K.K. (not shown) and the nxxiofaament 2 ms pulled at A at 
a rate cf about 50 crn/^ so as to nieasure the force (g) at break. The measured value (g) was a 
ton (cKQ unit In this conversion, the fractions of 0.5 and over are counted as a unit and the rest ms cut aw^ 
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<W^ Absorption Rate) 

[p06q Ihefterwasd'fjpedinacfistinedwaieralatefn^^ of27± l^'C for 20 minutes, and the water abGorp- 
tionrat was determined by the equation: 

5 

Water absorption rate (%) « {(Ww - WdVWd} x 1 00 

where Ww denotes the weight (g) off the fiber after removal of the water attached to the surface of the fber, and Wd 
denotes the a)n8tam weight (g) after the fl>er was dried at 150*<) in a soaking machin& 
10 [p067] Table 1 shows the results of Exanfples 1-17 and Conparativa Example 1. 



IS 



20 



30 



ss 



so 
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Table 1 



Examples 


Epoxy Compound 


Fineness 
(dtex) 


Knot Tenacity 

(CN) 


1 


Propylene oxide 


61 


Dl 


2 


Glycidol 


61 


44 


3 


Glycidyl methyl 
ether 


62 


33 


4 


Lauryl alcohol 
(E0)x5 glycidyl 
ether 


5B 


25 


5 


Phenol (EG) 5 
glycidyl ether 


69 


23 


6 


Glycidyl 
methacrylate 


59 


70 


7 


Epichlorohydrin 


63 


41 


o 
O 


Butylene oxide 


"J f\ 
70 




9 


isobutylene oxide 


11 


37 


10 


styrene oxide 


83 




11 


Butyl glycidyl 
ether 


80 


28 


12 


Phenyl glycidyl 
ether 


80 


39 


13 


Allyl glycidyl 
ether 


76 


37 


14 


Epichlorohydrin 


62 


47 


15 


Phenyl glycidyl 
ether 


69 


39 


16 


i«resyx ^^ycioyx 
ether 


57 


63 


17 


Cresyl glycidyl 
ether 


67 


42 


Comp. 
Ex. 1 


Polyglycerol 
polyglycidyl 
ether 


64 


11 



(continued) 



(In Table 1, (EO) at Examples 4 and 5 denotes 
ethylene oxide, and the annex thereto indicates 
the polymerization degree . ) 
Mote: Fineness: 1 dtex (decitex) = 0.9 d (denier) f 
Knot tenacity: 1 cN (centinewton) « 1.0197g 
(gram) 
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Table 1 



Exampl s 


Epoxy Compound 


Color 


Water 
Absorption 
Rat ( % ) 


1 


Propylene oxide 


White 


179 


2 


Glycidol 


White 


237 


3 


Glycidyl methyl 
ether 


Whi i-A 
Vf tlx 




4 


Lauryl alcohol 
(EG) 15 glycidyl 
ether 


wX AWW 


227 


5 


Phenol (EG)5 
glycidyl ether 


Light 
yellow 


163 


6 


Glycidyl 
methacrylate 


White 


186 


7 


Epichlorohydrin 


White 


77 


8 


Butylene oxide 


Yellow 


138 


9 


Isobutylene oxide 


Yellow 


107 


10 


Styrene oxide 


Yellow 


68 


11 


Butyl glycidyl ether 


White 


98 


12 


Phenyl glycidyl 
ether 


White 


77 


13 


Allyl glycidyl ether 


Yellow 


133 


14 


Epichlorohydrin 


White 


104 


15 


Phenyl glycidyl 
ether 


White 


96 


16 


Cresyl glycidyl 
ether 


White 


224 


17 


Cresyl glycidyl 
ether 


White 


91 


Comp. 
Ex. 1 


Polyglycerol 
polyglycidyl ether 


White 


110 



[0068] As apparent from Table 1 , the fS>er treated with a monolunctional epoxy compound is litUe colored, and is 
superior m the Irat tenacity to the fber treated \Mth a pol^^ 

Example 18 

[0069] A regenerated colleen fd>er was obtained by the method descrik>ed in item (A) abova 

[QOTiq The regenerated collagen ffber thus obtained was dipped on an aqueous solution, at 30^ for 24 hours, 

which contained 1.7% bf weight of epichlorDhydrin (17 mmd per gram of coHagen), 0.09% by weight off 2.4,64ris- 

(dimethylanvnomeihyQphenol, 0.009% by weight of salicylic add, and 13% by w^ght of sodium sulfate. 

[POTI] After washing th resultant water-hisoli^'lized regenerated coOagenfber with a fl^^ 
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the fiber was further dipped in an aqueous solution containing 8% by weight of sodium thiosuKate (22.6 mmol per gram 
of collagen) at 30^C for 24 hours. 

[0072] After washing the resultam collagen fber with a flowing water for on hour, an oQ treatment was perfonned 
by the method descnlied in item (B). followed by drying the fber under tension at by using a soaldifig drying 
machine. 

Example 19 

[PQ73] Aregenerated oonagenfl)er was obtained by the method described in item (A) dbova 

[0074] Ihe regenerated collagen fber thus obtained was dpped in an aqueous solution, at 30^C for 24 hours, 

which contained 1.7% by weight of epichlorohydrin (17 mmol per gram of collagen), 0.09% weight of 2A&-tns- 

(dimethylanvnomethyQphenol, 0.009% weight of salicylic add, and 13% by weight of sodium sulfate. 

[0075] After washing the resultant water-insolubilized regenerated collagen f ber with a flowing water for one hour. 

tfie fber was further cBpped in an aqueous solution containing 6.5% by weight of sodium hydrosulfide (36.4 mmol per 

gram of collagen) at ZO^C for 24 hours. 

[0076] After washing the resultartt collagen fber with a flowing water for one houn 

by^the method .descn'bed in .item_(B), foDowed by drying.the fiber under tension at 79°C by using a.soal^ . drying 
machinoL 

Example 20 

[0077] A regenerated collagenfber was obtained by the method descrik>ed in item (A) atxsva 

[0078] An aqueous solution containing 1 .6% by weight of epicMoroti^'n (1 7 mmd per gram of collagen). 2.8% by 

wei^ of sodium thiosuHate (17.0 nfwiol per gram of collagen), arid 13% by wri^ 

30^C for 30 minutes. Added to the resultant aqueous solutbn were 0.09% t)y weight of 2,4,&-tris(dimetfiylaminome- 
thyOphend and 0.009% by weigh of saHcyfic add, in which the regenerated cdlagen fber prepared as above was 
cfipped at 30^ for 24 hours. 

[0079] After washing the resultant water-insdubillzed regenerated odiagen fber with a flowing water for one hour, 
an oO treatnrient was performed by the melhod described In Item (B). fdlo^ 
by using a soaking drying madnneL 

Exaniple21 

[0080] The fber obtained in Example 1 was kept dpped at 25"^ for 24 tiours in a methand solution containing 
1 .6% by weight of cystamine cfihydrochloride and 2.9% by weigtit of N.fl'-dicydohexylcarbodiimide. Then, the fber was 
washed with metfiand arxi water, fdkjwed by drying ttie fber under tension at 

Example 22 

[P081] The fber obtained in Example 2 was kept dipped at 2S".C for 24 hours in a melhand solution containing 
1 .6% by weight of c^stami ne dihydrochloride and 2.9% by weight of N.N'-cBcydohexylcarbodiimkJe. Then, the fber was 
washed with metharid and water. fdkM«l by drymg the fber under terism 

Example23 

[9082] The fber obtained in Example 3 was kept dpped at 25**C for 24 hours in a methand solutkKi containing 
1 .6% bf weight of cystamine (fihycfirochloride and 2.9% bf weight of N.N'-dicydohexylcartxxIfufTide. Ttiea the fber was 
washed with methand and water, fdlowed kiy drying the fber under tension at 75^0 by using a soaking drying machina 

Corrparative Example 2 

[0083] A regenerated cdlagen fber was ot>tained t)y tfie metfxxf descrbed in item (A) atxsva 

[0084] The regenerated cdlagen fber thus obtained was kept dipped in an aqueous soIutk>n(a(^^ 

kx>ric add and sodium hydroxide), at 25''C for 30 minutes, which contained 1.0% t>y weight of formaldehyde and 1S% 

by weight of sodium sulfate. An oO treatment was performed t^ the method described in item (B). fdlowed by subjecting 

tlie regenerated coOagen fber to a soaking trealnrient under tenskm at 75K/k>y using a soaking dry^ 
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ConpaFative Example 3 

A regenerated collagen fa>er was obtained by the method described in item (A) abova 
[0086] The regenerated coOagen fS)er thus obtained was kept dpped in an aqueous solution, at 30°C for 24 hours, 
5 which contained 9.0% by weight of DENACOL EX-512 (tF»Je name of polygtycerol polygtyctdyt ether manufactured 
l^g^ Chemical Industries* Ud.), 0.9% by weight of 2.4,6-tris-(dimethylaminomethyl)phenol. 0.09% by weight of sal- 
Icytic acid arxi 13% by weight of socfium suttata 

[oiDBT] After washing the resultant woter-insohibilized regenerated collagen fber with a flowing water for 1 hour, an 
ofl treatment was performed by the niethod deGcri>ed in item (B). Ibl^^ 
10 to a soaking treatment under tensk>n at 75^0 1^ using a soaking drying machine 

[p088] The properties of the regenerated collagen fbers obtained in Examples 18-23 and Comparative Examples 
2-3 were measured as fblh>w& 

(SuHiir Content) 

IS 

[0089] The fiber was subjected to a complete combustion 1^ using a sample combusting apparatus QF-02 manu- 

.tetijred t^.Mltsulxshi.Chemica 

Then, the sulfate km concentration of the absorbed water was measured kiy an nn chromatography iC-7000 Series II 
manufactured by \bkogawa K.K. so as to determine tfie sJhff content The sulfur content in the SH group or the SS 
20 linkage was calculated as fdbws: 

A»B-C 

where. A represents the sulfur content of the SH group a SS link 
2S which SH ^oups or SS linkages were imparted, and C represents the measured value of the iter to whnh either SH 
group or SS links^ was not imparted. 

[0090] The ffieasured value of the fiber to wWchSH group or SS linkage was not iiif^^ 
nine residua 

30 (Permanent Wave Treatment Test) 

[0091] The effect produced t)y the perinanefit wave treatrnent was tested as fDltows. 
[0092] SpecifkaOy, 300 to 350 fibers were bundled and cut to align the length of the bundle a^ 
fibers were wound about a ^kx 5 rod and kept d^jped aljK^ 
3S rnentwhfch was prepared typrepariiig an aqueous soiutton containing 6.g% iol M)glycolic add inono^hanolamina, 
folk)wed by acj^usting the pH value at 2.9 to 9.6 with rnonoelhanolai^^ 

ondGquid, i.e.» 5% aqueous solutkm of sodium txomate, at 40^ for 15 minutes. The fi)ers were released from the rod 
and vvashed with water in a free state so as to observe arvi organdeptk»lly evaluate the )^ 
attached to the surface of the f&)ers was reinoved, the length of the fit>er in a hung slate 
40 ttiat can bargained was irrpartedt^ the pennarient wave treatnient,ttra 
such a shape was not iiTparted. the fiber was 20 cm tong. 

< Critena for Evaluation) 

4B [0093] The permanent wave treatrnent was evaluated by obsenotkm within water and b^ 
fi)er was hung. The criteria for evaluations were as shown in labies 2 and 3 bekMr. 



Table2 



Ol>servation witfiin Water 


Evaluatnn by Observation within Water 


Judgment 


® 


Excellent wave 


O 


Somewhat good wave 




Ordinary 
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1U)le 2 (oominued) 



CX)serva1k)n Within Water 


Evaluatk)n by CXsenoftion witNn Water 


Judgment 


X 


Wave shape not imparted 


Method of Evaluation: Organoieptically evaluated 



10 



15 



Tables 



Ftoer Length under Htftg State 


Fft>er l-ength under Hung State 


Judgment 


At most 17cm 


ExceQent(pas8) 


-More than-17 cnvtsut at most 18 cm 


Good-(pas8) 


More than 18 cm. but at most 19 cm 


OrtBnary(pass) 


More than 19 cnm but at most 20 cm 


Mot pass 


M^hod of Evaluation: Measured lengtt 
hanging 


1 immecfiately after 



Table 4 shOMS the results of the test on the hunm hair In respect of Examples 18 ^ 
and 3. 



Table 4 



Sample 


Color 


Rneness 
(dtex) 


Knot Tenac- 
ity (cl^ 


Water 
Absorption 
Rate(%) 


Sulfur Con- 
tent (% by 
weighOofSH 
Group and 
SSLirtage 


Permanent Wave Effect 














Observation 
witNn Water 


Hanging 
Length (cm) 


Example 18 


Wfiite 


58 


29 


81 


1.0 


o 


17.5 


Example 19 


White 


61 


52 


131 


0.7 




18.0 


Example 20 


White 


59 


28 


120 


1.6 


o 


17.0 


Example 21 


White 


62 


21 


80 


3.2 


® 


13.5 


Example 22 


White 


67 


29 


108 


3.1 


® 


14.0 


Example 23 


White 


64 


20 


88 


3.5 


® 


13.5 


Conp.Ex.2 


White 


56 


25 


120 


0.0 


X 


20.0 


CoitplEx.3 


White 


64 


11 


110 


0.0 


X 


20.0 


Human Hair 












® 


14.0 


Note: 

Rneness: 1 dlex (decitex) = 0.9 d (denier); 

Knot tenacity: 1 cN (centinewton) = 1.0197g (gram) 



50 



66 



[0094] Firomth resiits shewn in TabI 4, it is clearly seen that the regenerated collagen fS)er treated with epichlo- 
rotiydrin and a sulfur a>mpoundpemnit8 the permanent wav treatment to produce waving. It is also seen that, by also 
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enploying a treatment to intnxhice a (fisutTide linkage to the caitxxxyl grcxf)^ the pennanent wave treatment permHs 
inparting a stronger wevmg to the regenerated ooDagen fl)er. 

Examples 24 to 40 

5 

[0095] The fbers obtained in each of Examples 1 to 17 was dipped at 25^ for 24 hours in m^hanol containing 
1 .6% k)y weight of cystamine dihydrochlaide and 2.9% of N.N*<dicyctohexytcartxxfiimide. Then, the fbef was washed 
with m^hanol and water, followed by drying the fa>er at 75^C by using a soaking drying machina 

10 Conrparative Example 4 

[0096] The fiber cbtained in Corrparative Example 1 was dipped at 2S^ for 24 hours in me 
kiy weight of cystamine dihydrochtoride and 2.9% of N.N'^cyctohexylcartxxliimide. Then, the fiber was washed with 
methanol and water, Ibllowed by drying the fiber aft 75^C by using a soaking 
IS [P097] Tabfo 5 shows the results of Examples 24 to 40 and Conparative Example 4. 
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3S 



45 
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Examples 


Permanent Wove 
Effect Hanging 
Length (cm) 


Fineness (dtex) 


Knot Tenacity (cisQ 


Cofor 


waier /wsorptKjn 
Rate(%) 


24 


13.5 


63 


43 


White 


101 


25 


15.5 


62 


37 


White 


114 


26 


15.0 


66 


25 


White 


101 


27 


15.0 


59 


18 


Light yellow 


119 


28 


14.0 


71 


17 


Light yellow 


91 


29 


14.5 


66 


27 


White 


102 


30 


16.0 


67 


30 


White 


78 


31 


14.0 


71 


32 


Yeflow 


98 


32 


13.0 


76 


22 


Yelkiw 


85 


33 


13.0 


78 


29 


Ughtyelfow 


77 


34 


12.5 


76 


24 


White 


69 


35 


12.0 


77 


27 


White 


66 


36 


13.5 


70 


18 


Yellow 


80 


37 


15.5 


66 


34 


White 


95 


38 


12.0 


69 


31 


White 


68 


39 


13.5 


59 


32 


Light yellow 


91 


40 


13.0 


69 


28 


White 


65 


CompL Ex.4 


15.5 


67 


4 


wrnta 


88 


Note: 

Fineness: 1 dtex (decite)^ ° 0.9 d (denier); 

Knot tenacity: 1 cN (centinewton) = 1.0197g (gram) 



[009^ Rom the results shown in Table 5, it is seen that where the regenerated coOagen fiber is treated with a 
monofunctional epoxy compound, and a cfisulfide linkage is introduced to the cartxxxytic groups of tfie resultant collagen 
65 ffoer, a fi>er exhibiting a color substantiaQy equal to the original cotor of the 00^ 
in knot tenacity, and can be permanent-wave seL 

[0099] Asdescnt)ed above, the regenerated collagen ffoer made insoluble in water t>y treatment with a monofunc- 
tional epoxy compound according to the present inverition can sutistantially maint^ 
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fty, inherent in collagen. It follows that the regenerated ooOagen fik)er treated t>y the method of the present invention can 
be used as a satisfactory std>stitute for the human hair, animal hair» string, and particularly for the golden tniman hair 
and a light-colored animal hair. What should also t>e noted is that if the cartxscyl group of collagen is chemically mocfi- 
fied to introduce therein a disuffid linkage, a water-insohjtxlized collagen fiber eschbiting a color sut>stantialty equal to 
the original color of the collagen can be obtained, which can be permanent-wave set and exhibits an Improved water 
at>8orption. 

Claims 

1. A method of producing waterHnsohi)ilized regenerated collagen f&>er. comprising treating a regenerated collagen 
fS>er with an insdutx&zing agent comprising a monofurK;tiona] epoxy compound. 

2. The method aocorcBng to claim 1. characterized in ttiat said nrionofunctiori^ 
mula(Q: 

R— uH— CH2 # J \ 



where R denotes a substituent represented by % R2-OCH2- or R2-C00-CH^% R^ denotes a tiydrocarbon group 
having at least 2 carbon atoms* or CH2^, and each R2 denote a hydrocartm group having at least 4 cartxm 
atoms. 

3. The method acoordng to daim 2, characterized in that Ri is a hydrocarbon group having 2 to 6 cartm atoms or 
Cl^a. and R2 is a hydrocarbon cptxp having 4 to 6 carbon atoms. 

4. A method of producing water-insolubilized regenerated collagen ftoer, comprising treating a regenerated collagen 
fiber with a water-insolut>iGzing agent comprising an epihalohydrin, and a sulfur compound. 

5. A method of producing water-lnsolubilized regenerated coBagen fiber, comprising sut)jecting a weter-insolUbnized 
regenerated collagen fber obtainable t)y the method d^ir^ in any one of claims 1 to 4 to an amidation reaction, 
in the presence of a conderising agent with at least one cfiarrine cornpourxJ selected 

a cfiamine having a (fisulfide linkage represented by forrnula (II): 

H2f^CH2)„SS(CH2)„NH2 (II) 

where n denotes an integer of 1 to 4, or Hs salt, and a cfianrine having a disulfide linkage represented by formula 
(HQ: 

H2NCH((X)Ri)CH2SSCH2CH(OOR2)NH2 O'D 
wfiere each of R^ and R2 independentty represents an alkyi groi9> having 1 to 4 cart)on atoms or t>enzyl groupi 

6. Regenerated collagen fi>er obtainable by the niettiods of any of dairnsl to 5. 
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FIGURE 
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